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SUMmRY 

Because  of  health  hazzards  associated  with  the  previous  method  for  the 
manufacture  of  the  important  liquid  rocket  fuel  component,  1 ,1 -dimethyl hydrazine 
(UDMH),  studies  were  carried  out  to  determine  the  kinetics  of  formation  of 
UDMH  by  an  alternative  process,  the  choramination  of  dimethyl  amine.  The 
kinetics  of  undesirable  side  reactions  which  lower  UDMH  yields  in  the 
chlorami nation  method  were  also  investigated.  The  reaction  between  chloramine 
(NH2C1)  and  dimethyl  amine  gives  UDMH.  Chloramine  can  react  with  the  UP  1 
formed  to  give  a variety  of  subsequent  products,  chiefly  formaldehyde 
dimethyl  hydra  zone . A stopped  flow  reaction  system  was  assembled  and  used  to 
measure  the  rate  of  formation  of  UDMH  in  anhydrous  organic  solvents  (chiefly 
chloroform)  in  the  temperature  range  15°-30°C.  Reaction  rates  and  an  activation 
energy  of  9.8  kcal/mole  were  derived  from  these  measurements.  Bench-scale 
and  modeling  experiments  showed  thai  Ihe  reaction  rate  for  the  formation  of 
the  hydrazone  is  about  SuO  times  that  for  the  formation  of  UDMH  at  0°C.  The 
second  order  kinetics  model  for  these  consecutive  reactions  indicated  and 
experiment  showed  that  the  concentration  of  UDMH  quickly  reaches  a steady-state 
value  while  the  yield  of  the  hydrazone  steadily  increases  with  chloramine 
addition.  The  large-scale  production  of  UDMH  in  anhydrous  organic  solvents 
by  chloramination  of  dimethyl amine  does  not  appear  feasible  at  practical 
temperatures  because  of  the  low  ratios  (<.3)  UDMH  to  hydrazone  obtained  in 
these  experiments. 
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Introduction : 

Unsymmetrical  dimethyl  hydrazine  (UDMH)  is  ?n  important  fuel  component  of 
some  liquid  propellants  used  in  military  and  space  agency  rockets.  Some  typical 
fuels  which  contain  UDMH  are"'; 

Aerozine  50:  50.0%  UDMH 

50.0%  Hydrazine 

MAF-1:  39.0%  UDMH 

49.9%  Di ethyl enetri amine 
10.1%  acetonitrile 
1 .0%  water 

MAF-4:  60.0%  UDMH 

40.0%  Diethyl enetri amine 

Until  recently,  UDMH  had  been  economically  produced  by  the  nitrosation 
of  dimethylamine  and  hydrogenation  of  the  nitroso  intermediate  to  UDMH. 

, , HNO?  , Ho/Pd ^ 

(CH3)2NH  (CHOp  NNO  > UDMH 

H2O  H2O 

The  concentra ':ion  of  UDMH  in  the  final  solution  is  20-40%  and  it  is  distilled 
from  this  solution  in  the  presence  of  sodium  hydroxide.  The  overall  yield 
is  good.  The  favorable  economics  of  this  process  are  due,  in  part,  to  the 
high  concentration  of  UDMH  obtained  which  makes  distillation  costs  relatively 
low.  Unfortunately,  the  intermediate,  N-nitrosodi methyl  amine,  has  proven  to  be 
very  toxic  and  a probable  human  carcinogen.  Accordingly,  its  use  and  worker 
exposure  has  been  severely  limited  by  the  Occupational  Safety  and  Health 
Administration.  These  restrictions  have  led  to  the  abandonment  of  the  nitroso 
process  for  the  manufacture  of  UDMH.  In  the  search  for  a new  manufacturing 
process,  investigators  have  examined  a process  developed  by  Sisler  and  co- 
workers^"®  which  involves  the  chloroamination  of  amines  as  summarized  in  the 
followirig  equations: 

2NH3(g)  + Cl2(g)  > NH2CI (g)  + NH4CI (s)  (1) 

NH2CI  + 2(CH3)2NH  > (CH3)2  NNH2  + (083)3  ^^2 


(2) 
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Yields  as  high  as  71%  UDMH  have  been  realized  in  neat  dimethylamine 
(DMA)  at  low  temperatures  and  at  low  chloramine  (CA)  concentrations.  As  the 
chloramine  concentration  (or  moles  of  chloramine  added)  increases  there  is  a 
marked  decrease  in  product  yield  due  to  a rapid  reaction  between  UDMH  and 
chloramine  which  leads  to  a number  of  undesirable  side  products. 

(CH3)2NNH2  + NH2CI  > side  products  + HCl  (3) 

These  side  products  are  mainly: 

tetramethyltetrazene,  (CH3)2  N - N = N - N (CH3)2  (TMT), 

2,2-dimethyltriazanium  chloride  (CH3)2N(NH2)2^  Cl“  (DMTC)  and 

Formaldehyde  dimethyl hydrazone  (CH3)2N-N  = CH2  (FDMH). 


Tetramethyltetrazene  is  believed  to  arise  from  oxidation  of  UDMH  to  form 
a diazene  (DMZ)  intermediate  which  quickly  dimerizes. 


(CH3)2NNH2  + NH2CI  > (CH3)2l 

+ - 

2(CH3)2N=  N > (CH3)2N  - N = 

The  mechanism  for  the  formation  of 
still  under  scrutiny  but  is  believed  to 
to  the  equation; 

2(CH3)2N  = N > (CH^)^!!  = N - 


= N + NH4CI 

(4) 

N - N(CH3)2 

(5) 

formaldehyde 

dimethyl hydrazone 

is 

be  the  rearrangement  of  diazene 

according 

CH3  + CH3  - ^ 

1 = n" 

(6) 

+H’^ 

( 

{CH3  - N = 

= N - H} 

CH4  + N2 
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2,?!-Dimethyltriazanium  chloride  can  be  visualized  as  a simple  nucleophilic 
attack  on  chloramine  by  the  di substi tuted  nitrogen  of  UDMH. 

(CH3)2NNHo  + CINH2 > (CH3)2N(NH2)2  Cl"  (7) 

During  1974  and  1975,  the  Propellant  Chemistry  Branch,  of  the  White  Oak 
Laboratory,  Naval  Surface  Weapons  Center,  made  an  extensive  investigation  of  the 
experimental  conditions  for  the  best  yield  for  Reactions  1 and  2^.  This  work 
showed  that  the  hydrazone  was  a particularly  troublesome  by-product  since  this 
product  can  occur  in  relatively  large  amounts  and  cannot  be  separated  from 
UDMH  by  conventional  distillation  procedures.  It  was  further  shown  that  low 
concentrations  of  chloramine,  low  reaction  temperatures,  well-stirred  reaction 
solutions,  large  excesses  of  dimethylamine  and  low  final  concentrations  of 
UDMH  all  favor  the  elimination  of  this  contaminant. 

Dr, ring  1974-1975,  the  Martin-Marietta  Corporation,  Denver  Division,  made 
an  extensive  study  of  the  Sislar  chemistry  and  its  application  to  the  production 
of  hydrazine  fuels.  Of  particular  significance  to  our  studies,  they  measured 
the  reaction  rates  of  Equations  (2)  and  (3)  under  anhydrous  conditions.  In 
these  experiments,  dilute  ammonia  solutions  of  chloramine  were  added  to  liquid 
dimethylamine  or  UDMH  at  low  temperatures  (-46°  to  -60°C)  and  at  low  chloramine/ 
amine  mole  ratios  (DMA/CA  '^-1000  to  4000,  UDMH/CA  '\^500  to  700).  The  rate  of 
reaction  of  chloramine  was  determined  from  the  rate  of  increase  of  conductivity 
due  to  the  formation  of  chloride  ions.  Pseudo  first  order  reaction  rates  were 
obtained  as  functions  of  temperature.  These  data  yielded  the  important  result 
that  the  c’.cti\iation  energy  of  Equation  (2)  (9.6  kcal/mole)  is  less  than  that 
of  (3)  (14.5  kcal/mole)  and  therefore  the  undesired  reaction  (3)  becomes 
Increasingly  significant  with  increasing  temperature.  Under  their  conditions, 
the  two  rate  constants  were  found  to  be  about  equal  at  -70®C. 

It  is  evident  that  reaction  variables  in  the  Sisler  process  for  the  synthesis 
of  hydrazines  will  need  to  be  carefully  optimized  if  the  process  is  to  be 
successfully  applied  to  the  large-scale  production  of  UDMH  or  monomethyl  hydrazine. 
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In  order  to  provide  the  reaction  rate  and  mechanism  data  needed  for  the 
selection  of  proper  conditions  for  scale-ep,  a joint  program  betv/een  the 
University  of  Florida  and  the  Naval  Surface  Weapons  Center,  White  Oak 
Laboratory  was  Initiated  in  September  1975.  The  main  thrust  of  the  NSWC/WOL 
effort  has  been  to  determine  the  rates  of  reactions  (2)  and  (3). 

In  order  to  measure  the  rates  of  reactions  (2)  and  (3)  at  temperatures  of 
practical  importance,  a stopped-flow  apparatus  was  designed  and  assembled. 

In  this  device,  two  reactant  solutions  can  be  very  rapidly  mixed  (mixing  time 
<10  msec)  and  the  concentrations  of  reactants  and  products  subsequently  measured 
as  functions  of  time  by  a fast-resnonse  infrared  non-dispersive  spectrometer. 

This  report  describes  the  application  of  the  stopped-flow  apparatus  to 
reaction  (2)  and  the  results  of  a series  of  reactions  which  were  carried  out 
on  a bench  scale  in  order  to  determine  final  reaction  products  and  the  relative 
rates  of  reactions  (2)  and  (3). 

Results  and  Discussion: 

Over  thirty  runs  of  the  chloramine  dimethylamine  reaction  in  chloroform 
have  been  made  at  chloramine  concentrations  in  the  range  0.1  - 0.4M  and  at 
temperatures  from  15°  to  30°  dimethyl amine/chlorai^ine  ratios  varied  from  5.2  to 
17.6.  For  all  runs,  changes  in  concentrations  with  time  were  determined  by 
measuring  the  infrared  intensity  at  1590  cm-1 . Figure  1 shows  the  measured  , 
transmittance  data  at  1590  cm“l  as  a function  of  time  for  a typical  run.  While  the 
512  data  points  digitally  recroded  for  this  experiment  show  high  noise,  it  is 
evident  that  a well-defined  smooth  curve  can  be  drawn  through  them. 

All  reactants  and  products  of  reaction  (2)  contribute  to  the  change  in 
absorption  at  1590  cm""*  (Aisgo)  according  to  the  equation: 

Ai590  = ■|n(Io/l)  = 1 X (8.47{ADW.}  + 15.13  {ACA}  + 49.5  {UDMH} 

+ 49.1  {DMACl})  (6) 

Where  Iq  is  the  transmission  at  time  zero,  I the  transmission  at  any 
subsequent  time,  1 is  the  cell  length,  {DMACl)  and  (UDMH)  are  the  concentrations 
of  the  products,  dimethylammonium  chloride  and  UDMH,  and  (ADMA)  and  (ACA)  are  the 
changes  in  the  concentrations  of  the  reactants,  dimethylamine  and  chloramine. 
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The  coefficients  of  the  concentrations  are  the  moiar  absorption 
coefficients  in  cnr^.  Assuming  that  the  measured  A]59o  is  proportional 
to  the  rate  of  change  of  the  chloramine  concentration , 1 .e.  that  the  reaction 
is  pseudo-first  order,  we  have  determined  the  rate  constants  of  Table  I from 
a set  of  measurements  at  various  temperatures.  The  activation  energy  derived 
from  these  rates  is  9.8  kcal/mole.  This  result  compares  favorably  with  the 
9.6  kcal/mole  found  by  the  Martin-Marietta  workers. 

Table  I 

Pseudo-First  Order  Reaction  Rates 


Run  No. 

Temperature  (°C) 

h— 

Rate  (sec'l) 

ti/2  (sec) 

18 

27.7 

.500 

1 .4 

22 

20.2 

.352 

2.0 

23 

15.4 

i 

.246 

2.8 

As  will  be  discussed  below,  the  yields  of  UDMH  were  very  low  in  these 
reactions  and  the  change  in  absorbance  was  effectively  a measure  of  the 
concentration  of  the  hydrochloride  salt.  The  yield  of  dimethyl  ammonium  chloride 
determined  from  the  absorbance  was  about  the  theoretical  based  on  chloramine 
and  agreed  with  the  yields  obtained  in  the  bench-scale  experiments.  The  nature 
of  the  species  causing  the  change  in  absorbance  at  1590  cm“^  is  not  important 
for  first  order  analysis.  All  we  need  to  assume  is  that  the  change  in  absorbance 
is  a measure  of  the  rate  of  the  reaction  between  chloramine  and  dimethyl  amine 
and  that  this  reaction  controls  the  rate  of  formation  of  the  salt. 

We  had  based  our  design  of  the  kinetics  experiments  on  reaction  rates  for 
reactions  (2)  and  (3)  which  were  estimated  from  the  low  temperatures  experiments 
of  the  Martin-Marietta  workers.  From  their  activation  energies  the  estimated 
ratio  of  the  reaction  rates  is  22.5  at  0°C  and  the  estimated  UDMH  to  side- 
product  final  yield  ratio  is  about  1.6  at  DMA/CA  = 8.5. 

However  in  the  final  products  flushed  from  the  fast  reaction  cell,  we 
noted  some  gas  bubbles  (CH^)  but  were  unable  to  detect  any  UDMH.  These  findings 
led  us  to  carry  out  a series  of  larger  scale  reactions  at  the  bench  in  order  to 
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measure  final  product  concentrations.  At  low  UDMH  yields,  the  final  absorbances 
in  the  kinetics  measurements  give  only  the  yield  of  dimethyl  ammonium  chloride. 
Other  products  need  to  be  measured  in  separate  experiments.  These  experiments 
generally  involved  the  reaction  of  DMA  in  solution  with  a less  concentrated 
solution  of  CA  at  0°C  and  then  analysis  of  the  final  products  by  gas 
chromatography . 

In  one  such  experiment.  Experiment  A,  3.75  mmoles  of  CA  in  15  cm^  of 
chloroform  were  added  in  0.125,  0.25  or  .5  mmole  Increments  to  a 15  cm^  chloroform 
solution  containing  49.5  mmoles  of  DMA.  After  the  equilibration  of  each 
addition,  a sample  was  withdrawn  for  gas  chromatographic  analysis.  The  yields 
of  FDMH  and  UDMH  so  measured  are  given  in  Figure  2.  Note  that  the  yield  of 
UDMH  rises  to  a maximum  value  quite  early  in  the  addition  sequence  while  the 
concentration  of  FDMH  increases  nearly  linearly  with  chloramine  added.  The 
fall-off  of  the  yields  of  UDMH  and  decrease  of  the  rate  of  increase  of  UDMH 
yield  will  be  discussed  later.  They  are  results  of  some  subsequent  slower 
decompositions  presumed  to  be  not  related  to  the  chemistry  of  (2)  - (6).  If 
we  then  neglect  these  later  effects.  Figure  2 shows  that  UDMH  quickly  reaches 
a steady-state  concentration,  while  FDMH  steadily  Increases  with  addition  of 
chloramine.  This  behavior  is  typical  of  consecutive  reactions  in  which  a 
product  of  the  first  becomes  a reactant  in  the  second.  Quite  evidently,  the 
steady-state  concentration  of  UDMH  is  independent  of  the  final  DMA/CA  ratio  and 
depends  only  the  relative  rates  of  (2)  and  (3). 

In  order  to  determine  the  relative  reaction  rates  from  these  data, 
reaction  rates  equations  were  set  up  for  reactions  (2),  (4),  (5),  (6) 
and  for: 

(CH3)2NH  + HCl  {CH3)2NH2Cr  (7) 

Reaction  (2),  the  formation  of  UDMH  and  reaction  (4),  the  formation  of  the 
intermediate  subsequent  product  are  assumed  to  be  the  rate  controlling  reactions 
for  the  formation  of  UDMH  and  side  products. 
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The  oquationi;  ylcild  ttm  followiny  rato  oquaLitJti:; : 

d(DMA)/dt  = -ki  (DMA)  x fCA]  - kj,{lJMA}  x {IICD  (lU) 

dfCAi/dt  « -kifDMA]  x {CAI  » k^fUUMII)  x (CA)  (11) 

d{UDMH}/dt  = k|{DMA}  x {CA}  - kg  (UOMH)  x (CA)  (K») 

d{DMZ}/dt  = k2(U0MII}  x (CA)  (13) 

d{HCl}/dt  « +k^{Df^}  X {CA}  + kglUUMH)  x {CA) 

- k|i{nMA}  X {IICD  (14) 

d{DMACl}/dt  - k^rOMA}  x (IICD  (lb) 

d{TMT}/dt  - k3{DMZJ^  (ll,) 

d{PDMll}/dt  - k4{DMZ)^  (1/) 


At  time  zero,  uD  coricentrutlorii.  are  zero  except  {CA;  and  lUMA)  which  at'u, 
of  course,  known  from  analysis.  A solution  Is  not  known  lor  the  ytMiural  cai.i' 
Involving  second  order  consecutive  reactions  such  as  (k)  and  (4).  Conslderatlun 
of  the  other  reactions  makes  the  mathematics  even  mui'e  liitractahl u , However, 
equations  (10)-(17)  are  easily  Integrated  numerically  to  give  values  lur  (.11 
concentrations  at  any  time. 

Our  objective  was  to  model  experiments  such  as  A In  order  to  estimate 
kg/ki . Equations  Involving  the  other  rate  constants  k3,  k/j  and  kij  have  been 
Included  to  control  the  stoichiometry . These  rates  are  assummed  to  he  last 
enough  so  that  they  do  not  affect  k^/k]  . With  these  assumptions,  we  have 
Integrated  this  set  of  simultaneous  first  ord<‘r  differential  equ.il/Ujiis  with  a 
modified  Runge-Kutta  procedure  for  various  k2/ki  ratios.  The  results  for 
Experiment  A are  compared  In  l-lgure  2 to  the  measured  yields  of  UUMII  and  l UMII. 
The  agreement  is  good  during  the  earlier  phases  of  the  reaction.  Note  that 
both  the  model  and  the  experimental  data  show  tliat  significant  amounts  o(  the 
hydrazone  are  produced  even  In  the  early  phases  of  the  reaction.  The  ratio 
of  k2/ki  which  best  fits  this  ex|)er1ment  Is  about  GOO/l . l or  comparison. 
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I lyui'o  3 li.  tliL'  r.iil cul tiLod  |)rotlLict  yield:;  for  tfils  experlnicnt  when  the 
ruLiu  ii:;  obUiiiaLed  1 rum  the  Murtiri-Marietta  data  are  used. 

A t.urk'ii  ul  experiment;;  were  carried  out  In  dioxane  us  well  as  chloioform  1n 
which  the  entire  cliluruiiiiiie  solution  (10  ml)  was  rapidly  added  to  DMA 
fcoluLlon  (10  ml)  rather  tlian  small  Increments  as  In  Experiment  A.  These 
expurimunts  were  the  heiicli-scalu  unalofjues  of  the  ;stopped-flow  experiments, 
lliu  I'esuUs  ul  tliesu  experiments  are  given  In  Table  II.  The  rapid  mixing 
experimunt!,  which  were  cai'rled  out  In  chloroform  solution  gave  no  detectable 
amuunts  ul  UUMII  and  low  yields  of  I'UMII.  Tlie  yield  of  TMT  was  comparable  to  the 
yiolds  ahserved  in  oLhei'  solvents.  IUi|)(!ated  analyses  of  tlie  reaction  mixture 
ait‘r  CiJiiipIntlnn  of  the  reacLIun  showed  a steady  decrease  In  FUMH  concentration 
and  an  Increase  in  tlie  amount  of  an  unidentified  product.  Rapid  mixing 
experiments  In  1 .-l-dloxani!  gave  very  low  yields  of  UDMIl  but  about  theoretical 
yields  oi  lUMli.  I ul'  reactions  In  dioxane.  tlie  final  concentration  of  EDMIi  was 
sUhle  with  time  a;;  were  the  cunceiitratiuns  of  lIDMIl  and  TMT.  The  mechanism 
ul  tgiiatliin  (h)  regnires  tlie  formation  oi'  a mule  of  methane  lor  every  mole 
ul  lUMII  lormed,  Methane  wa;.  detected  In  good  yield  in  tlie  gas  chromatograplilc 
analysis  ul  tlie  final  reaction  solution,  but  accurate  results  could  nut  be 
ulitaliiod  since  iiiejiar.e  tends  to  volatilize  iron  the  solution.  However,  the 
yield  ul  iiiethane  was  duteriiiined  to  be  cuiiiparable  to  that  of  the  hydruzone 
both  III  clilurulotiii  and  dioxane  solutions.  This  supports  the  mechanism  of 
Igiiatlon  (i;)  as  the  pi'i  ml  pa  1 route  iur  tlie  furmatiun  of  I'DMIl.  In  Experiment  A, 
tlie  yields  ul  methane  as  duteimlnud  I rum  the  gas  chroma tugrams  were 
proportional  to  the  yields  oi  I IJMII  as  a function  of  the  amount  oi  cliloramlne 
uddiul  uspm  tally  during  the  earlier  phases  ul  the  reaction. 

Note  that  In  lahlu  U,  the  yield  oi  I UMII  In  the  dioxane  Is  above  theoretical 
(i.e,  1/4  K i;A).  Nei '.wander^ has  pustulated  that  the  lilyh  yields  of  I'DMIl  result 
not  Irom  the  iiiuchan  1 siii  of  Lginilioiis  (4)  and  ((>)  hut  irom  the  followimj  seguonce 
ul  reactieiisi 

Nll^dll  MINdillj);,  ' > ll;;NN((:H;,)j,  + IICl 

Nifd;i  ♦ liN(iiTj);, ■>  (i:ti3);;Ni:i  i NII3 
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Table  II 


Reactants  and  Yields  in  Rapid  Mixing  Experiments 
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(CH3)2  NCI  > CH2  = N-CH3  + HCl 

CH^  = N-CH3  + H2NN(CH3)2 > CH2  = NN(CH3)2  + CH3NH2 


This  mechanism  was  supported  by  the  detection  of  methylamine  (no 
experimental  details  given).  We  were  unable  to  test  for  methylamine  as  it 
is  not  separated  from  dimethyl  amine  on  our  column. 

The  Neiswander  mechanism  requires  only  2 moles  of  CA  for  each  mole  of 
FDMH  formed  and  yields  no  methane.  Our  high  yields  for  FDMH  in  the  dioxane 
experiments  may  be  indirect  evidence  for  this  reaction  sequence.  However,  our 
estimation  that  the  methane  yield  is  comparable  to  the  FDMH  yield  suggests 
that  the  mechanism  of  Equations  (A)  and  (6)  is  the  dominant  one  for  the 
formation  of  FDMH.  In  any  event,  ^n  the  Neiswander  reactions,  the  rate  of 
formation  of  FDMH  is  proportional  o the  concentration  of  UDMH  and  the 
scheme  Equations  (10)  - (17)  would  hold  generally  even  if  both  reaction  routes 
were  followed.  Among  the  many  reactions  involving  the  synthesis  of  UDMH  done 
by  the  Martin-Marietta  workers,  three  was  similar  to  ours  in  that  they  were 
done  in  an  anhydrous  organic  solvent.  In  these  experiments,  chloramine  from 
the  generator  was  collected  in  xylene  and  the  resultant  solution  slowly  added 
to  liquid  DMA  at  0°  - 2°C.  Their  DMA/CA  mole  ratios  varied  from  11  to  22. 

For  these  experiments,  the  final  UDMH/FDMH  ratios  were  in  the  range  0.3  to 
0.4  and  the  yields  of  UDMH  based  on  chloramine  about  3%.  At  a DMA/CA  ratio 
of  about  22,  Figure  3 shows  a UDMH/FDMH  ratio  of  about  C.3.  This  result  also 
/ indicates  a different  rate  of  formation  of  FDMH  in  anhydrous  organic  solvents 
from  that  estimated  from  the  rate  at  low  temperatures  in  the  liquid  amomia- 
DMA  solvent  system. 

Experimental ; 

Chemicals:  Dimethyl  amine,  ammonia,  chlorine  and  nitrogen  (Matheson, 
stated  purity  99.0%  min)  were  used  without  further  purification.  1,1-dimethyl- 
hydrazine  (UDMH)  (Matheson  Coleman  and  Bell,  stated  purity  99%)  was  distilled 
trap-to-trap , in  a vacuum  system  before  use.  A gas  chromatogram  showed  the 
purity  to  be  at  least  99.5%.  Dioxane  (Fisher  certified)  was  used  without 
further  purification.  Alcohol-free  chloroform  was  obtained  by  treating  reagent 
grade  chloroform  (Fisher)  with  concentrated  sulfuric  acid  followed  by 
successive  washings  with  distilled  water.  The  chloroform  was  finally  dried  over 
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anhydrous  calcium  chloride  and  distilled.  The  distillate  proved  to  be  alcohol- 
free  by  virtue  of  its  infrared  spectrum  and  could  be  stored  in  the  dark  for  about 
10  days  with  no  noticeable  decomposition. 

General  Procedures:  The  and  nuclear  magnetic  resonance  spectra  were 
determin'2d  at  28^C  in  a Jeol  JNM-PS-100  spectrometer  in  appropriate  solvents 
using  tetramethylsilane  as  an  internal  standard.  The  infrared  spectra  were 
recorded  by  menas  of  a Perkin-Elmer  421  grating  spectrometer.  Liquid  samples 
were  prepared  as  neat  films  between  salt  plates  or  dissolved  in  the  appropriate 
solvent  and  analyzed  in  solution  cells.  Gas  chromatographic  measurements  were 
performed  at  80°C  with  a Perkin-Elmer  Model  3920  instrument  equipped  with  a 
flame  ionization  detector  and  a 12  ft  x 1/8"  O.D.  stainless  steel  column  packed 
with  5%  KOH,  15%  carbon  wax  20M  and  80%  chromosorb  P (NAW  30/60  mesh)^^  UDMH  was 
identified  qualitatively  by  the  following  tests. 

(a)  A sample  solution  was  acidified  with  6N  hydrochloric  acid.  Potassium 
iodate  (O.IN)  was  added  dropwise.  A dark  brown  discharge  indicated  the  presence 
of  a reducing  agent. 

(b)  Several  drops  of  1%  sodium  pentacyanoammine-ferroate  solution  were 
added  to  one  drop  of  the  neutral  test  solution.  The  appearance  of  a cherry 
red  color  indicated  the  presence  of  UDMH^2, 

Kinetic  Measurements; 

Apparatus:  The  need  to  study  rapid  reactions  near  and  below  room 
temperature  leads  to  two  requirements:  A reactor  is  needed  in  which  the  reactants 
can  be  mixed  in  a time  short  compared  to  the  reaction  time  and  an  analytical  method 
is  required  which  can  follow  the  rapid  concentration  changes  in  real-time.  The 
recent  literature  on  the  kinetics  of  fast  reactions  details  several  methods 
whereby  the  first  requirement  can  be  met^^.  For  these  solution  kinetic  studies 
on  the  Sisler  process  reactions,  a reactor  of  the  stopped  flow  type^^»lS  seemed 
best  suited.  The  design  and  operation  of  the  reactor  assembled  for  the  UDMH 
studies  is  indicated  schematically  in  Figure  4,  In  this  reactor,  the  two 
solutions  to  be  reacted  are  placed  into  the  two  filling  syringes  and  are  then 
loaded  into  the  driven  syringes.  A force  is  abruptly  and  simultaneously  applied 
to  both  syringes  by  the  pneumatic  cylinder.  This  forces  the  two  solutions  through 
the  mixing  section  and  the  optical  absorption  cell  into  the  stopping  syringe 
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which  forces  the  piston  of  the  syringe  upward.  When  the  stopping  piston  hits 
the  stop,  the  flow  is  suddently  arrested,  a freshly  mixed  solution  exists  in 
the  optical  cell  and  the  absorption  measurements  of  the  concentrations  of  the 
reactants  and  products  begin.  The  flow  rate  is  at  a maximum  just  before  the 
sudden  stop  so  that  the  age  of  the  mixed  solution  depends  on  this  peak  velocity 
and  the  volume  of  the  system  between  the  point  of  mixing  and  the  cell.  In  our 
apparatus,  at  the  driving  rates  used  so  far,  the  age  of  the  mixed  solution  is 
about  10  msec  or  less  based  on  the  time  to  travel  from  the  first  mixing  Tee 
to  the  center  of  the  cell.  The  upper  limit  to  the  driving  rate  has  not  been 
determined.  Because  of  finite  mixing  rates,  the  mixing  may  not  be  complete  until 
quite  near  the  cell.  This  effect  of  course  reduces  the  age  of  the  mixed 
solution  but  introduces  some  uncertainty  in  the  average  age.  The  five  syringes 
are  housed  in  a large  aluminum  block  that  can  be  heated  or  cooled  over  the  range 
-40  to  +100°C.  The  cooling  is  achieved  by  passing  a stream  of  cold  nitrogen 
gas  through  the  block  and  infrared  cell  holder  and  then  through  a copper  coil 
surrounding  the  block.  The  block  and  holder  are  insulated  with  styrofoam. 

Because  of  the  high  heat  capacity  of  the  apparatus  relative  to  the  nitrogen 
stream  good  temperature  regulation  can  be  achieved  by  manual  control  of  the 
nitrogen  flow  rate.  The  cold  nitrogen  is  obtained  from  liquid  nitrogen  boil- 
off.  To  prevent  moisture  condensation  on  the  cell  and  cell  holder,  the  nitrogen 
stream  is  vented  into  the  spectrometer  to  maintain  a dry  atmosphere  around  the 
moisture-sensitive  parts.  Heating  is  achieved  by  a circulating  constant 
temperature  fluid. 

For  reasons  of  sensitivity,  selectivity  and  availability,  an  infrared 
spectrometirc  method  was  chosen  for  the  real-time  analysis  of  the  reacting 
mixtures.  A spectrometer  which  had  previously  been  set  up  for  some  air  pollution 
studies  and  modified  for  this  work  is  shown  skematically  in  Figure  5.  The  major 
change  required  was  an  increase  in  the  chopping  frequency  from  50  hz  to  1250  hz  to 
give  the  instrument  the  needed  faster  response.  This  spectrometer  scans  the 
spectf'um  by  rotation  of  a circular  variable  band-pass  filter  wheel.  While  the 
resolution  of  the  instrument  is  low  iX/&X  = 65),  the  energy  throughput  is  high 
and  the  instrument  has  a very  good  signal/noise  ratio.  With  the  time  constant 
of  the  electrical  filtering  in  the  amplifier  at  30  msec,  the  signal -to-noise 
ratio  in  the  1600  cm"^  region  is  better  than  300:1.  Thus  low  concentrations 
or  small  absorption  changes  can  be  measured  more  accurately  than  on  a conventional 
spectrometer.  Two  variable  filters  are  available-one  covering  the  range 
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4-8yni  (2500-1250  cm"^ ) and  the  other  8-14. 5ijm  (1250-690  cm“^ ) . When 
measuring  concentrations,  the  filter  can  be  held  fixed  at  an  absorption 
frequency  and  the  time-rate  of  change  of  absorption  monitored. 

Figure  6 shows  the  circuits  for  the  spectral  and  timing  signals.  The 
chopped  infrared  radiaition  is  received  by  a pyroelectric  detector  of  the  high 
sensitivity  glycine  sulfate  type  (Barnes  Engineering  Corp.,  Model  T-300).  The 
AC  signal  from  the  detector  is  demodulated  without  preampl ifi cation  by  a lock- 
in  amplifier  (Princeton  Applied  Research  Model  122)  whose  reference  frequency 
Is  generated  by  a LED-phototransitor  system  at  the  chopper  blade.  Some  noise 

is  generated  by  oscillations  in  the  angular  velocity  of  the  belt-driven  chopper 

but  this  noise  can  be  minimized  by  careful  tuning  of  the  lock-in  amplifier 
using  an  oscilloscope. 

The  demodulated  amplified  output  of  the  lock-in  amplifier  is  fed  to 
an  analogue-to-di gi tal  converter  on  an  PDP/8E  minicomputer.  When  the  '■topping 
syringe  piston  hits  the  stop,  a switch  is  closed  and  the  signal  from  this 
switch  is  also  digitized  to  indicate  the  starting  time  of  the  reaction.  A 
displacement  transducer  of  the  linear  variable  differential  transformer  type 
is  connected  to  the  stopping  syringe  piston.  The  signal  from  this  transducer 

is  digitized  to  give  the  velocity  of  the  piston.  The  three  channels  of  data 

are  acquired,  stored  on  magnetic  tape  cartridge  and  printed  out  under  the 
control  of  a machine  language  program.  The  data  are  subsequently  read  back 
in  for  analysis  by  various  BASIC  language  programs. 

Spectral  considerations:  The  kinetics  of  the  reaction  between  dimithylamine 
and  chloramine  was  followed  by  measuring  the  time-rate  of  change  of 
absorbance  of  the  product  concentrations.  Equation  (8).  Since  concentration 
measurements  in  the  1%  range  were  needed  a thick  absorption  cell  (0.5  mm)  was  used. 
For  studies  in  the  0-3%  range  three  infrared  absorption  frequencies  (1590, 

1305  and  1050  cm“^)  of  UDMH  or  dimethyl  ammonium  'chloride  were  located  which 
could  be  used  depending  on  the  choice  of  solvent.  Three  solvents,  chloroform, 
carbon  tetrachloride  and  tetrachloroethylene  were  surveyed  for  spectral 
consideration.  All  bands  are  readily  measurable  in  tetrachloroethylene  and  all 
but  the  1590  cm"^  band  in  carbon  tetrachloride.  The  1590  cm"^  is  readily 
measurable  in  chloroform  and  useful  measurements  can  be  made  at  the  1305  cm“^ 
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band  despite  some  obscuration  by  the  solvent.  Interference  from  reactants 
and  side  products  was  also  considered  (Equation  (8)),  Dimethyl  ammonium 
chloride  is  vertually  insoluble  in  carbon  tetrachloride  and  tetrachloroethylene. 
Formation  of  an  insoluble  salt  in  the  absorption  cell  could  jive  use  to 
light  scattering  leading  to  erroneous  results.  For  this  reason  chloroform 
was  chosen  as  the  solvent. 

Preparation  of  Chloramine:  Chloramine  was  prepared  by  the  reaction  of 
ammonia  and  chlorine  in  a flow  reactor  (Figure  7)  similar  to  that  of  Sisler 
and  others^*®’^*^*^.  The  chlorine  is  first  mixed  with  nitrogen  and  this  stream  is 
then  mixed  with  ammonia.  Typical  gas  ratios  are  1:4:4  = Cl2:N2:NH3.  The 
reacted  gas  stream  is  filtered  through  glass  wool  to  remove  ammonia  chloride 
formed  during  reaction  and  bubbled  through  solvent.  Excess  ammonia  is 
removed  by  application  of  vacuum  to  the  solution. 

Analysis  of  CINH2/HCCI3  Solutions:  A known  volume  of  chloramine  solution 
was  dissolved  in  20  ml  of  distilled  water  in  a 125  ml  erlenmyer  flask.  The 
test  solution  was  acidified  with  20  ml  of  6N  hydrochloric  acid  then  treated 
with  15  ml  of  10%  potassium  iodide  solution.  The  liberated  iodine  was 
titrated  with  O.IN  sodium  thiosulfate  that  had  been  standardized  against 
NBS  potassium  dichromate.  When  the  yellow  color  of  the  iodine  became  faint, 

5 ml  of  starch  solution  was  added  and  titrated  until  the  blue  color 
disappeared. 

Stability  of  Chloramine  in  Chloroform:  During  the  preparation,  storage 
and  handling  of  CINH2/HCCI3  solutions,  a marked  decrease  in  chloramine 
concentration  was  observed  with  the  formation  of  insoluble  NH^Cl . Since  it 
is  essential  to  know  the  chloramine  concentration  at  the  start  of  a kinetic 
run,  the  extent  of  chloramine  decomposition  was  determined  over  an  extended 
period  of  time.  The  CINH2/HCCI3  solution  was  titrated  at  convenient  time 
intervals  and  the  results  shown  graphically  in  Figure  8.  The  initial 
decomposition  is  quite  rapid  yielding  a cloudy  suspension  of  insoluble 
NH4CI.  This  instability  presents  two  problems:  (1)  change  in  CINH2 
concentration  prior  to  and  during  data  collection,  (2)  the  possible  blockage 
of  tubing  by  precipitated  ammonium  chloride  in  the  stopped-flow  apparatus. 
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During  Initial  runs  syringes  containing  CINH2  and  reaction  products  had  a 
tendency  to  stick  between  barrel  and  cylinder  interface  because  of  ammonium 
chloride  formation.  If  chloramine  solutions  were  allowed  to  remain  in  the 
system  for  extended  periods  of  time  difficulties  were  encountered  In  obtaining 
fast  mixing  rates  and  short  stop  times  during  collection  of  kinetic  data. 

The  ammonium  chloride  problem  Is  alleviated  by  filtration  immediately 
before  loading  of  the  chloramine  solution  Into  the  syringe  and  by  not  allowing 
the  chloramine  solutions  to  remain  In  the  stopped-flow  system  for  prolonged 
periods  of  time. 

Preparation  of  Dimethylamine  Solutions:  Aknown  volume  of  anhydrous 
dimethylamlne  (Matheson,  99%  min)  was  passed  through  a trap  containing  solvent 
at  ambient  temperature.  Prior  to  use  the  amine  solution  was  treated  with  excess 
standard  hydrochloric  acid  and  back  titrated  with  standard  sodium  hydroxide  to 
the  methyl  red  end-point.  Concentrations  approaching  4M  dimethylamine  were 
obtained. 

Preparation  of  formaldehyde  dimethyl hydrazone:  The  formaldehyde 
hydrazone  of  UDMH  was  prepared  by  dropwlse  addition  of  UDMH  to  a well-stirred 
aqueous  solution  of  paraformaldehyde  and  hydrogen  chloride  (10%)  cooled  In  an 
Ice  bath.  Excess  KOH  pellets  were  added  to  the  reaction  mixture  and  the 
hydrazone  distilled  through  a short  column  (b.p.  70°C).  A gas  chromatogram 
showed  only  a single  peak.  The  proton  decoupled  NMR  showed  two  peaks  In 
the  ratio  of  2:1  which  1s  consistent  with  the  formula  (CH3)2  N-N  = CH2. 

Preparation  of  tetramethyltetrazene:  Tetramethyl-2-tetrazene  was  prepared 
by  the  oxidation  of  1 ,1 -dimethyl hydrazene  v/lth  mercuric  oxide  at  Ten 

(10)  ml  (7.914g;  0.131  mole)  of  1 ,1 -dimethyl hydrazine  (Matheson-Coleman  Bell) 
was  diluted  with  25  ml  of  anhydrous  ether  In  a 100  ml  three-necked  round 
bottomed  flask  fitted  with  a stirrer  and  a reflux-condenser  and  Immersed  In 
an  Ice  bath.  Yellow  mercuric  oxide  (28.52g;  0.131  mole)  was  added  slowly  over 
a half  hour  period.  The  solution  began  to  reflux  In  a few  minutes  and  allowed 
to  cool  before  more  oxide  was  added.  After  1 1/2  hours  the  reaction  ceased 
Imparting  a yellow  tinge  to  the  resulting  solution..  After  warming  to  room 
temperature  with  stirring  the  ether  was  separated  from  the  aqueous  layer  which 
was  extracted  with  ether.  The  etheral  solutions  were  combined  and  the  ether 
removed  under  vacuum  leaving  a light  yellow  liquid  which  distilled  at  95°C 
and  210  mm  Hg.  The  Infrared  and  nmr  spectra  were  consistent  with  the 
formula  (CH3)2  NN  « NN(CH3)2. 
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Preparation  of  2,2-dimethyl triazanium  chlorlde^®’^^:  UDMH  (2.4  ml; 

31  mmoles)  was  dissolved  In  100  ml  of  chloroform  in  a 250  ml  three  necked  round 
bottom  flask  fitted  with  stirrer,  water  condenser  and  additional  funnel. 

Fifty  (50)  ml  of  0.62M  CINH2/HCCI3  solution  was  added  dropwise  with  stirring 
at  0°C.  A white  precipitate  formed  during  addition  ofithe  CINH2.  The  resulting 
solution  was  allowed  to  warm  to  room  temperature  with  stirring.  The  precipitate 
was  filtered  and  digested  for  10  minutes  In  30  ml  of  absolute  ethanol.-  90  ml 
of  acetone  was  added  and  the  mixture  boiled  for  an  additional  15  minutes. 

300  ml  of  anhydrous  ether  was  added  and  the  solution  allowed  to  cool  overnight. 
White  hydroscopic  crystals  were  filtered  and  dried  under  vacuum.  A positive 
test  with  KI  and  a melting  point  of  135®C-d  characterized  the  product  as 
2,2-dimethyl triazanium  chloride,  (CH3)2N(NH2)2^C1". 

In  an  attempt  to  better  understand  the  chemistry  of  the  reaction  sequence 
under  Investigation  a series  of  bench  top  experiments  were  conducted  In 
conjunction  with  the  kinetic  study.  The  experimental  details  for  these  reaction 
follow. 

Reaction  between  dimethylamlne  and  chloramine  In  chloroform;  Dimethyl- 
amine  In  chloroform  (30  ml,  3.1M)  was  placed  In  a 100  ml  three  necked  round 
bottom  flask  fitted  with  stirring  bar,  reflux  condenfser,add1t1onal  funnel  and 
dry  N2  flow.  30  ml  of  a 0.197  M chloramine/chloroform  solution  were  added 
slowly  with  stirring  at  30°C.  The  solution  became  warm  and  gas  evolution  was 
observed.  After  removal  of  solvent  under  vacuum  the  residue  was  distilled  at 
ambient  pressure  and  the  fraction  distilling  at  62°C  was  collected.  The 
distillate  was  mainly  chloroform  and  one  or  possibly  more  unidentified  side 
products,  according  to  the  Infrared  spectrum.  Absorption  bands  did  not 
correspond  to  any  of  the  predicted  side  products.  The  residue  was  dissolved 
In  10  ml  of  chloroform  then  treated  with  125  ml  of  ether  producing  0.57g  of  a 
white  crystalline  compound.  The  Infrared  spectrum  is  identical  to  that  of 
dimethyl  ammonium  chloride. 

In  a similar  experiment  100  ml  of  3.76M  dimethylamlne  In  chloroform 
was  placed  In  a 500  ml  three-necked  round  bottom  flask  fixed  with  stirring 
bar,  reflux  condenser,  addition  funnel  and  dry  nitrogen  flow.  The  flask  was 
cooled  at  -30°C  by  means  of  a dry-lce/lsopropanol  bath  and  100  ml  of  0.414M 
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chlorami'ne/chloroform  solution  was  added  dropwlse  with  stirring.  Stirring 
was  continued  for  an  additional  half  hour  resulting  In  a clear  solution.  No 
precipitate  was  observed.  The  resulting  solution  gave  a positive  KI  test 
and  a negative  KIO3  test.  The  same  test  results  were  obtained  after  an 
additional  hour  of  stirring  at  -30®C.  Solvent  and  volatile  products  were  removed 
by  distillation  at  60°C.  The  distillate  give  a positive  KI  test  but  on  standing 
overnight  It  gave  negative  KI  and  KIO3  tests.  The  residue  was  filtered, 
washed  with  ether  and  dried  producing  4.00  g of  dimethyl  ammonium  chloride. 

An  attempt  was  made  to  Isolate  the  reaction  product  by  treating  the 
resulting  clear  solution  from  the  reaction  between  dimethyl  amine  and  chloramine 
with  6N  hydrochloric  acid.  The  aqueous  layer  was  treated  with.  3N  KOH  until 
basic.  The  resulting  solution  was  analyzed  by  gas  chromatography  but  failed 
to  show  any  of  the  expected  reaction  products. 

In  a milder  treatment  of  the  resulting  solution,  solvent  and  volatile 
products  were  removed  under  vacuum  at  room  temperature.  Infrared  analysis 
of  volatile  products  showed  no  evidence  for  an  appreciable  concentration 
of  UDMH.  In  a control  experiment  a solution  of  dimethyl  amine/chloroform/ 

UDMH  analyzed  clearly  for  UDMH  as  low  as  3.03  M UDHM. 

Inorder  to  simulate  the  mixing  process  In  the  stop-flow  reactor  for 
final  product  analysis,  equal  volumes  of  dimethylamlne  In  chloroform  and 
chloramine  In  chloroform  were  syringed  simultaneously  Into  a flask  fixed  with 
stirring  bar  and  dry  nitrogen  flow.  The  resulting  solution  was  Immediately 
analyzed  by  gas  chromatography  (these  are  runs  B-E  of  Table  II).  Similar  reactions 
were  carried  out  using  dioxane  as  the  solvent. 

In  a separate  experiment, Experiment  A,  15  ml  of  3.3M  dimethylamlne 
In  chloroformwere  placed  In  a 50  ml  three-necked  flask  fixed  with  stirring 
bar  addition  funnel  and  dry  nitrogen  flow.  The  flask  was  cooled  to  0°C, 
nitrogen  flow  stopped  and  15  ml  of  0.25  M chloramine  in  chloroform  was  added 
In  0.5  ml  increments  over  a two  (2)  hour  period.  The  contents  of  the  flask 
was  analyzed  after  each  addition  by  GLC. 

Reaction  between  UDMH  and  chloramine  In  the  presence  of  dimethylamlne 
and  dimethyl  ammonium  chloride:  Dimethyl  ammonium  chloride  (5.4  g,  66  mmoles). 
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75  ml  of  3.76  M dlmethylamine/chloroform  and  5 ml  (66  mmole)  of  UDMH  were 
placed  in  a 100  ml  three-necked  round  bottom  flask  fitted  with  a dropping  funnel, 
a condenser  and  a stirring  bar.  Chloramine  (75  ml  of  0.888M  in  chloroform, 

66  mmoles)  was  added  dropwise  with  stirring  at  room  temperature.  No 
precipatate  was  observed  but  the  solution  became  warm  with  gas  evolution. 

After  the  final  addition  of  chloramine  a clear  solution  was  obtained  which 
gradually  turned  yellow. 

Reaction  between  UDMH  and  chloramine  in  the  presence  of  dimethyl  ammonium 
chloride:  Dimethyl  ammonium  chloride  {2.1%,  g,  26.6  mmoles)  and  UDMH  (2.02  ml, 

26.6  mmoles)  were  dissolved  in  30  ml  chloroform  in  a lUO  ml  three-necked 
round  bottom  flask  fitted  with  a dropping  funnel,  a condenser  and  a stirring 
bar.  Thirty  (30)  ml  of  0.88M  chloramine/chloroform  was  added  dropwise  with 
stirring  at  room  temperature  resulting  in  an  exothermic  reaction  with  the 
formation  of  a white  precipetate. 

In  order  to  facilitate  solvent  removal  and  aid  in  product  identification, 
the  reaction  between  dimethyl  amine  and  chloramine  was  carried  out  in  diethyl  ether . 

Reaction  between  dimethyl  amine  and  chloramine  in  d1 ethyl  ether : Twenty 
(20)  ml  of  2.3N  dimethylamine  In  diothylether  was  placed  In  a 100  ml  three- 
necked round  bottom  flask  fitted  with  stirring  bar,  condenser,  addition 
funnel  and  dry  nitrogen  flow.  The  flask  was  cooled  to  -40°C  with  dry  ice/ 
isopropanol.  Twenty  (20)  ml  of  0.77M  ClNllg  in  diothylether  was  added  dropwise 
with  stirring.  The  mixture  was  stirred  for  30  minutes  at  -40°C  and  allowed  to 
warm  to  room  temperature.  Spot  tests  wore  negative  for  UDMH.  The  IR  showed 
no  bands  characteristic  of  UDMH.  A white  precipatate  characteristic  of 
(CH3)2Nll2'*^Cl"  was  observed  but  was  not  Isolated.  The  solution  was  filtered 
and  the  ether  distilled  at  3l)°C,  with  a bath  temperature  not  exceeding  42°C. 

The  residue  remaining  after  solvent  removal  was  analy^iod  by  IR  but  no  bands 
characteristic  of  UDMH,  (■DMII  or  TMT  wore  observed.  The  proton  NMR  showed  one 
major  peak  characteristic  of  N-CIl^. 

Conclusions; 

1.  The  activation  energy  of  formation  of  UDMH  from  chloramine  end 
dimethylamine  is  9.B  kcal/mole  in  agreement  with  earlier  work. 
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2.  The  rate  of  formation  of  formaldehyde  dimethyl  hydra zone  is  very  high 
('V600X)  compared  to  that  of  UDMH  in  anhydrous  organic  solvents  at  0°C, 

3.  Comparison  of  our  finding  with  those  of  other  workers  indicates  that 
the  relative  rates  of  formation  of  these  two  products  is  much  more  favorable 

in  aqueous  or  liquid  ammonia  solvent  systems  than  in  anhydrous  organic  solvents. 

4.  Since  methane  is  produced  concurrently  with  the  hydrazone,our  results  support 
the  mechanism  of  FDMH  formation  proposed  by  Sisler. 

5.  The  alternative  mechanism  of  FDMH  proposed  by  Neiswander  is  supported  only 
Indirectly  by  our  results.  However,  this  mechanism  cannot  be  ruled  out  as  a 
concurrent  route  with  a lower  yield  than  the  Sisler  mechanism. 

6.  Both  UDMH  and  FDMH  are  unstable  in  the  reaction  mixture  when  chloroform 
is  used  as  a solvent. 

7.  If  anhydrous  organic  solvent  systems  are  used  in  the  Sisler  synthesis  of 
UDMH,  only  low  yields  of  UDMH  and  high  yields  of  the  hydrazone  will  result 
at  least  in  the  temperature  range  OOc.  and  above. 

8.  As  a consequences  of  the  consecutive  reaction  scheme  for  the  formation 
of  UDMH  and  FDMH  and  of  the  high  ratio  of  the  formation  rate  constant  of 
FDMH  to  that  of  UDMH,  the  yield  of  UDMH  will  reach  a low  constant  value 
early  in  the  reaction.  Any  further  additions  of  chloramine  do  not  increase 
the  UDMH  yields. 
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